Herbicides are the most flourishing weed control knowledge eternally developed. To appraise the possessions of herbicides on maize, a study was carried out to evaluate the effect of alachlor on different maize cultivars on germination and early growth parameters. The studies were carried out in hydroponic conditions supplemented with different concentrations (1.0, 2.5 5.0, 7.5 and 10.0 ppm) of alachlor. All the three cultivars of maize were found to be significantly affected with increasing herbicide concentration. Percent germination, vigour index, tolerance index, fresh and dry weight, plumule and radicle length were found to be decreased as the herbicide concentration increased, however the dry weight increased slightly at higher concentration when compared to other concentrations. The percent toxicity increased as the concentration of herbicide increased. The current study clearly implies that higher concentration of alachlor is toxic to maize, resulted in a decline in seed germination and early growth parameters.
Agriculture is the prime livelihood of two-third of functioning population for their source of revenue and constitute a foremost starting place of wages for about three fourth of Indian populations who live in villages. Scarcity of foodstuff is one of the most severe comprehensive tribulations in this country and consequently to congregate the intensifying food burden of hastily increasing the human race inhabitant's crop grain fabrication need to be augmented (Ahmadi et al., 2007) . Pesticides which include herbicides, insecticides and fungicides are used comprehensively to progress crop yield. More than 2.5 million tonnes of pesticides are applied every year to agricultural crops worldwide. Herbicides are discerning, expenditure efficient, troublefree to apply and have bendable application time and if applied in appropriate quantity they happen to be ecofriendly. In India 96% of herbicides are reasonably noxious, despite the fact that more than 70%insecticides are enormously lethal (NRCWS, 2007) . To enhance the farming efficiency herbicides are frequently used. The herbicide custom is escalating at a very high rate in contemporary agricultural practices (Kundu et al., 2006) . Herbicides are widely used to protect crops against weeds. However a gigantic foreword of these molecules in to the fields can engender pessimistic effects on the environment (Saladin et al., 2003) . Pesticides form a critical part of the crop production tools that makes it achievable to the farmers to feed the eternally growing population. Crop plants fluctuate in their responses to an assortment of biotic and abiotic stresses. In the midst of the abiotic stresses element stress is branded to consequence all the metabolic processes ensuing in abridged crop augmentation and yield (Ashok et al., 1995) . Herbicides are metabolic inhibitors and their mode of action can be classified in to different groups; Photosynthetic inhibitor, Cell growth disrupters (mitotic inhibitors), Growth regulators, Lipid biosynthesis inhibitor, Carotenoid biosynthesis inhibitor and Branch chain amino acid inhibitor (Hess, 1999) . Herbicide may be classified according to selectivity; as grass control, broad leaf control, pre emergence or post emergence and persistence (Peterson et al., 2001) .
INTRODUCTION
discriminatory herbicide to be in command of the annual grasses and broadleaf weeds in the field of soyabean, brassica, maize, sugarcane and cotton. Alachlor belongs to chloroacetanilide group of herbicides developed by Monsanto Company. In India this herbicide is available as Lasso, used both as pre and post emergent herbicide. The herbicide is available as emulsifiable concentration (Garrett et al., 1986; Kiely et al., 2004 and Hackett et al., 2005) . The herbicide alachlor absorbed by emerging plant shoots, inhibits fatty acid and lipid biosynthesis; as well as gibberellins synthesis and protein synthesis (Chang et al., 1985) . Maize (Zea mays L.) is the third mainly imperative cereal crop in the world after wheat and rice with a production of 590 million tonnes and efficiency of 4229 kg per ha which occupies an area of 139 million ha. Maize in India is known as 'King of cereals' because of its high production potential and wider adaptability (Anonymous, 2007) . In the current exploration, an endeavor has been made to revise the consequence of alachlor on early seed growth and morphological parameters of maize.
MATERIALS AND METHODS
Maize (Zea mays) variety (NAC-6002, NAC-6004 and NAH-2049) were procured from University of Agricultural Sciences, Naganahalli, Mysore. The herbicide Alachlor was obtained from Monsanto Company. The current exploration were carried out with different concentration of herbicide (1.0, 2.5, 5.0, 7.5 and 10.0 ppm) along with control using three cultivars of maize. 400 seeds of each variety of maize seeds were surface sterilized with 2% sodium hypochlorite for 1-2 min and then repeatedly washed with distilled water for 8-10 times to remove the overload chloride. Ten comparably sized maize grains were placed on a 9 cm diameter petriplate containing 8 to 10 ml of Hoagland n u t r i e n t m e d i a ( H o a g l a n d a n d A r n o n , 1 9 3 8 ) supplemented with a different concentrations namely 1.0, 2.5, 5.0, 7.5 and 10.0 ppm of herbicide alongside with control and nurtured in dark at room temperature 28±2 0 C for four days. Later on fifth day beyond, the germinated seedlings were bare to twelve hour light passion and the seedlings were further full-fledged up to 15 days.
Germination refers to preliminary emergence of the radicle by visual inspection. It was intended as per (ISTA, 1985) on the end of 7th day after planting. At the end of the 7th day, the length of the roots and shoots were deliberated with a ruler. The root length was measured from the distance stuck between collar and tip of the root and was articulated in centimeter. The shoot length was measured from the distance flanked by collar and tips of the shoot and was expressed in centimeter (ISTA, 1985) . Vigour index of the seedlings was calculated by the formula recommended by (Abdul -Baki and Anderson, 1973). Tolerance index was calculated by means of the formula suggested by (Turner and Marshal, 1972) . The percentage of toxicity of the seedling due to herbicide treatment was calculated by means of the prescription suggested by (Chion and Muller, 1972) . The seedlings were weighed to establish the fresh weight. The fresh weight determined seedlings were then dried in a hot air oven at 80 C for 48 hours and then dried weight was estimated using electronic balance. The procedure was repeated with two to three replicates with one hundred seeds plated per replication. They were recorded on the 8th day of the treatment (Agrawal, 1994) .
RESULTS AND DISCUSSION
Maize grains of (NAC-6002, NAC-6004 and NAH-2049) cultivars were treated with diverse concentrations of herbicide to study the consequence on the germination and morphological parameters. An analysis of variance indicated that seed germination and its coupled germination and morphological parameters decreased appreciably during the early growth of treated sets when compared to control. The herbicide abridged both seed germination and premature seed growth parameters of all the three cultivars (NAC-6002, NAC-6004 and NAH-2049) of maize seedlings. The maximum seed germination were observed in the control sets in all the three varieties viz. 97.32, 96.45 and 97.52% in NAC-6002, NAC-6004 and NAH-2049 respectively. The percentage of germination was found to be decreased with increased herbicide concentration. A decrease of 96.51 to 65.12%, 96.45 to 59.32% and 97.52% to 62.00% of seed germination were observed in NAC-6002, NAC-6 0 0 4 a n d NA H -2 0 4 9 f r o m 1 . 0 t o 1 0 . 0 0 p p m concentration respectively (Table. 1). Nonetheless among these three cultivars NAC-6002 showed maximum percentage of germination in all the concentration compare to other two cultivars (NAC-6004 and NAH-2049) when compared to control sets. However there is no much noteworthy distinction between 1.0, 2.5 and 5.0, 7.5 ppm concentration in NAC-6002 cultivars. Our results also indicated that higher the concentration of the herbicide lower the percentage of germination (Fig. 1) . Germination process involved those events that commence with the uptake of water by the quiescent dry seed, utilization of food and energy reserves from endosperm of seed and terminate with elongation of embryonic axis (Bewley and Black, 1985) . Seed germination is a process in which major physiological activities were involved at metabolic levels. To complete the germination process for which it requires suitable internal conditions such as availability of food material, proper metabolic system and appropriate balance of g row t h re g u la to r ( N i c o la s, 2 00 3) . U p o n s e e d germination, general physiological activities of plants such as hydration of protoplasm, restoration of enzyme activity, protein synthesis, hydrolysis of food reserves, respiration enhancement and hormonal changes could takes place. Any loss in the vigour due to pesticide application will reduce the germination process. Based on the data obtained, alachlor was found to be toxic to maize above 5.0 ppm, which was indicated by the reduction in the germination percentage of maize grain. The current result reveals that the seed germination and early growth were negatively affected by alachlor, which indicates that the enlistment of seed reserve was found to be impaired. The impaired metabolism consequently leads to reduced growth and development. Among the three cultivars (NAC-6002, NAC-6004 and NAH-2049) NAC-6002 showed maximum percentage of germination when compare to other cultivars. Several reports were verified the unsympathetic effect of herbicides on seed germination. (Schultz et al., 1967; Dhillon and Anderson 1972 and Nehru et al., 1999) . (Delving and Cunningham, 1970) have reported that undesirable effect of alachlor and propachlor herbicides which considerably reduced the germination of barley by intrusive the metabolic a c t i v i t i e s r e l a t e d t o g e r m i n a t i o n a s p e c t s . Correspondingly (Rajashekar et al., 2012; Schultz and Nehru et al., 1999) observed the adverse effect of herbicide pendimethalin and trifluralin on seed germination and early growth in maize, corn and mungbean respectively. Our results are in line with the earlier results of (Nethra and Rajashekar et al., 2012) who reported the effect of herbicide oxadiargyl and pendimethalin on maize. The results obtained in the current investigation indicate that the seed germination was adversely affected by alachlor which in turn indicates that the recruitment of seed reserve was found to be impaired.
The present investigation has showed a significant decline in vigour index of maize seedlings (Table. 1). The outcome of dissimilar concentration of the herbicide on vigour index in maize showed considerable difference when compared to control. The maximum and minimum values of vigour index were observed in the control and 10.0 Ppm sets in all the three varieties viz. 1143. 14, 1259.24, 1258.32 and 197.82, 210.58, 198.54 The present exploration has showed a considerable refuse in tolerance index of maize seedlings. The effect of divergent deliberation of the herbicide on tolerance index in maize showed substantial difference when compared to control (Fig. 1) . The utmost and least values of tolerance index were observed in the control and 10.0 Ppm sets in all the three varieties viz. 100.00, 100.00, 100.00 and 49.25, 44.26, 45.14 in NAC-6002, NAC-6004 and NAH-2049 respectively. The principles of tolerance index were found to be decreased with increased herbicide concentration. The value decreased from 97.12 to 49.25, 94.12 to 44.26 and 95.14 to 45.14 of tolerance index were observed in NAC-6002, NAC-6004 and NAH-2049 cultivars from 1.0 to 10.00 ppm concentration respectively (Table. 1).
Further the calculated values of percent toxicity were adversely affected by this herbicide. An analysis of variance indicated that mean value of percent toxicity in maize seedlings at different concentration of herbicide were found to be significantly different (Fig. 1) .The value of phytotoxicity was found to be increased as the herbicide concentration increased (Table. 1). The Table - 1. Germination percentage, vigour index, tolerance index, percent toxicity, fresh weight, dry weight, plumule and radicle length of maize (NAC-6002, NAC-6004 and NAH-2049) seedlings under different concentrations of herbicide.
Mean ± SE followed by the same superscript are not statistically significant between the control and different concentrations of herbicide, when subjected to Tukey's mean range test (p<0.05) maximum and minimum values of percent toxicity were observed in the 10.0 ppm and control sets in all the three varieties viz. 83.12, 90.32, 91.12 and 0.00, 0.00, 0.00 in NAC-6002, NAC-6004 and NAH-2049 respectively. The morality of percent toxicity was found to be increased with increased herbicide concentration. The value increased from 11.12 to 83.12, 12.01 to 90.32 and 12.34 to 91.12 of percent toxicity were observed in NAC-6002, NAC-6004 and NAH-2049 different varieties of seeds from 1.0 to 10.00 ppm concentration respectively (Table. 1). Auxiliary the considered values of vigour index, tolerance index and percent toxicity were found to be adversely affected by this herbicide. In the current exploration vigour index and tolerance index significantly reduced with increasing herbicide concentration, on the other hand phytotoxicity increased as the concentration of the herbicide increased. Seed vigour is a multiple complex, which is defined as sum total of those properties of seed which determine the level of activity and performance of the seed or seed lot during germination and seedling emergence (Gholami and Sharafi, 2010) . Pesticides such as alachor, carbamates, dichlobenil, chlorprpham and propachlor inhibited the germination of the grass seed (Delvin and Cunningham, 1970) . (Ahamadi et al., 2007) concluded that compared to osmopriming, hydropriming clearly improved the vigour index. The current results are similar with the results were obtained by (Jayadeva et al, 2004 , Nethra and Jagannath, 2011 and Rajashekar et al., 2012 who reported the toxicity of oxadiargyl in transplanted rice with field testing experiments, and effect of herbicide oxadiargyl and pendimethalin on maize respectively.
The growth of the plant comprises of series of steps, which include cell division, cell enlargement and cell differentiation. The herbicide affect the plant tissue in different ways, It may be directly interfere with cell division, affect the function of various enzymes which are involved in growth of plants or modulating the function of various tissues like root, leaves and vascular system on which the growth of the plant depend. It may block the synthesis of various growth regulators which are essential for the growth and development of plant (Peterson et al., 2001 ). The morphological observation on seedlings revealed the effect of herbicide on maize (NAC-6002, NAC-6004 and NAH-2049) cultivars. There was a significant reduction of both plumule and radicle length, when seeds were treated with different concentrations of herbicide. Similarly, miserable plumule and radicle length of few crops by a few herbicides were reported by (Beuerlein, 1990 , Grichar et al., 2001 , Lyon and Wilson 2005 and Soltani et al., 2008 . Our results also draw a parallel with the earlier results of (kumar and Jagannath, 2013 , Nethra and Jagannath, 2011 and Rajashekar et al., 2012 who reported the toxicity of butachlor, oxadiargyl and pendimethalin on wheat, corn and maize respectively. (Rad and Jagannath, 2011) also reported that the herbicide imazethapyr significantly reduced the length of plumule and radicle, vigour index and tolerance index of chickpea as the concentration of the herbicide increased. The inhibition of seedling growth in wheat and barley by herbicide (dicamba) treatment was reported by (Friesen et al., 1964) , induced morphological aberrations. On the other hand application of 4oz dicamba/hectare caused gross malformation of stem and leaves. (Chang, 1986) reported that application of butachlor to the paddy fields significantly reduced both root and shoot length. The reduction in the shoot length could be due to reduced photosynthate production, which may have been temporarily arrested as reported by (Khan et al., 2004) .
The maximum fresh and dry weight recorded in the control sets 0. 574, 0.554, 0.513 g/pant and 0.152, 0.135, 0.149g/plant in NAC-6002, NAC-6004 and NAH-2049 respectively. At dosage 1.0 to 10 ppm fresh weight decreased from 0.565 to 0.214, 0.554g/plant to 0.215, 0.513 to 0.201g/plant in NAC-6002, NAC-6004 and NAH-2049 respectively. Nevertheless in NAC-6002 there was no much significant difference between control and 1.0ppm concentration in fresh weight. However the dry weight slightly increased as the concentration of the herbicide increased compared to all other concentration but the maximum dry weight were observed in control sets in all the three (NAC-6002, NAC-6004 and NAH-2049) cultivars. The minimum dry weight recorded in the 5.0ppm sets 0.031, 0037, 0.039 in NAC-6002, NAC-6004 and NAH-2049 respectively when compared to control. The result showed the effect of herbicide on plumule and radicle length of maize seedlings. The plumule and ra d i c l e l e n g t h d e c re a s e d s i g n i f i c a n t ly a s t h e concentration of the herbicide increased from 1.0 to10.0 ppm. The maximum values of plumule and radicle length were recorded in the control sets 6. 32, 5.95, 5.42 and 7.32, 7.25, 6 .09 cm in NAC-6002, NAC-6004 and NAH-2049 respectively. At prescribed amount 1.0 to 10 ppm the plumule and radicle length were decreased from 6.0 to 2.87, 5.95 to 2.11, 5.42 to 1.95cm and 7.0 to 2.32, 7.04 to 2.10, 5.85 to 2.01 cm in NAC-6002, NAC-6004 and NAH-2049 respectively. Yet in plumule and radicle length there is no much significant difference between 5.0 and 7.5 ppm in NAC-6002 cultivars. The reduction in the utilization of food reserves due to herbicide treatment in the present study was evident by decrease in fresh and dry weight of treated seedlings as the concentration of t h e h e r b i c i d e i n c r e a s e d . H o w e v e r a t h i g h e r concentration, dry weight was found to be slightly increased when compared to other concentrations. On the contrary both fresh and dry weight was significantly reduced as the concentration of the herbicide increased as reported by (Nemat Alla and Younis, 1995) in soyabean and maize, (Nemat Alla et al., 2007) in maize, (Song et al., 2007) in wheat, (Nemat Alla et al., 2008) in wheat and maize seedlings. (Soltani et al., 2006b) reported that dimethanamide and S-metachlor showed no adverse effect on wheat plant height and shoot dry weight whereas (Mamdouh et al., 2007) reported that recommended field dose of butachlor differentially reduced the shoot fresh and dry weight of wheat, maize and soyabean seedlings during following 16 days. (Ouzounidou et al., 1997) reported that the reduction of growth due to cadmium exposure in wheat, which could be explained as a consequence of cadmium interference with a number of metabolic process associated with normal development, especially synthesis of proteins, amino acids carbohydrates finally various photosynthesis processes such as chlorophyll biosynthesis and photo system activity. (Nemat Alla et al., 2008) reported that growth reduction might be the result of malfunction of nitrogen metabolism in wheat and maize seedlings with response to herbicide.
Based on the result of the present study it can be concluded that herbicide alachlor may have an adverse effect on enzymatic activities during germination. The hydrolytic enzymes such as amylase, protease and phosphates are synthesized during germination (Ashton, 1976) . The activities of these enzymes are initiated by the gibberlic acid present in the embryo (Bewley and Black, 1985) . Therefore the decrease in weight of seedlings under herbicide treatment may be due to the inhibition of breakdown of reserve food material. Among the three cultivars (NAC-6002, NAC-6004 and NAH-2049) of maize NAC-6002 showed maximum values in all the parameters of germination and morphological studies.
